The Cotton-wool Spot in Man Clinically, the cotton-wool spot is a milky-white area of retina between 0-1 and 1 mm in diameter which is usually found at the posterior pole of the fundus along the line of the main vessel groups. Stereoscopic pictures show that the lesion is a swelling in the nerve fibre layer of the retina and sometimes an expanding cotton-wool spot will partly deflect an accompanying vein. Cottonwool spots have been described in many diseases including severe anemia, gastrointestinal hxemorrhage, collagen diseases, bacterial endocarditis, accelerated hypertension and diabetes. They are found most commonly in young patients with severe hypertension usually with a diastolic blood pressure exceeding 130 mmHg. A common factor in all these conditions is a circulatory abnormality.
Microcirculatory Changes and the Cotton-wool Spot
The Cotton-wool Spot in Man Clinically, the cotton-wool spot is a milky-white area of retina between 0-1 and 1 mm in diameter which is usually found at the posterior pole of the fundus along the line of the main vessel groups. Stereoscopic pictures show that the lesion is a swelling in the nerve fibre layer of the retina and sometimes an expanding cotton-wool spot will partly deflect an accompanying vein. Cottonwool spots have been described in many diseases including severe anemia, gastrointestinal hxemorrhage, collagen diseases, bacterial endocarditis, accelerated hypertension and diabetes. They are found most commonly in young patients with severe hypertension usually with a diastolic blood pressure exceeding 130 mmHg. A common factor in all these conditions is a circulatory abnormality.
In hypertension, cotton-wool spots appear first as greyish discolorations of the retina but within a day or two they develop a shiny white appearance with indistinct margins. During resolution they become dull-white and granular. If hypertension is treated effectively, cotton-wool spots disappear within eight to twelve weeks. No fresh ones appear after the blood pressure has been controlled for a few days.
Fluorescence angiograms in patients with untreated malignant hypertension who have cottonwool spots show several characteristic features.
There is usually a leaking point on an adjacent arteriole which is best seen in late films when the dye has passed through the retinal circulation. The capillaries underlying the cotton-wool spot usually do not fill and microaneurysms form a ring around its edge. Dye often leaks from the surrounding microaneurysms giving rise to a ring of fluorescence which gradually fills in towards the centre (Hodge & Dollery 1964) . Leakage of fluorescein from arterioles has been observed to occur before a cotton-wool spot appears but the ring of aneurysms forms after the lesion is present. It seems probable that the arteriolar lesion is of etiological importance in the causation of the cotton-wool spot, but the surrounding ring of aneurysms may be a response to the tissue damage involved in the formation of the spot.
When hypertension is controlled the leaking spots on arterioles disappear within a few days. As the cotton-wool spots fade the surrounding microaneurysms become obliterated and the capillary bed in the area of the cotton-wool spot reopens. After about 12 weeks of treatment the vascular bed usually appears normal although occasionally one or two capillary aneurysms may persist.
Experimental Arterial Obstruction Glass microspheres injected into the carotid artery circulation of animals cause arterial obstruction. The first time this experiment was carried out in the pig we observed no change on the day of injection but three days later typical cotton-wool spots appeared at the edge of the optic disc.
Later studies showed a characteristic sequence of events. Within a few minutes of arterial ob-struction a greyish discoloration appeared in the retina downstream to the glass sphere. At this stage fluorescence angiograms showed that the artery was completely blocked by the glass sphere although some flow entered the territory of the blocked vessel via capillary collaterals at the periphery of the vessel's territory (Ashton et al. 1966) . In some instances the glass sphere was dislodged within an hour or two of injection and when this happened the grey colour faded within a few minutes. If the glass sphere remained in place the greyish-white area evolved into a typical shiny-white cotton-wool spot over a period of about 48 hours. This evolution took place even if the glass sphere moved down the vessel and reopened a side branch feeding part of the area covered by the cotton-wool spot so long as the glass sphere had been in place for more than 12 hours. Collaterals form by dilatation of surrounding capillaries. They were first visible at three days and after 2 or 3 weeks they were well-developed. The cotton-wool spots faded and usually became invisible 7 to 10 days after they formed.
Cotton-wool spots which formed as a result of arterial obstruction had some interesting similarities to and some significant differences from the clinical lesions. The ophthalmoscopic appearance was very similar although the life history was shorter, possibly because of the rapid restoration of the blood supply by collaterals. Arterioles often leaked fluorescein at the point where the glass sphere came to rest as a result of local damage to the vascular endothelium. None of the experimental animals developed a surrounding ring of aneurysms or fluorescein leakage as is seen in man.
Experimental Hypertension
Goldblatt, who invented the renal artery clip method of causing experimental hypertension, was the first to report hypertensive retinopathy in experimental animals (Keyes & Goldblatt 1937) . Recently, Ashton et al. (1968) have made macaque monkeys hypertensive by a combination of renal artery clipping and renal encapsulation. These animals developed a retinopathy which closely resembled that found in human accelerated hypertension. They had cotton-wool spots, hkmorrhages and arteriolar changes such as tortuosity and an increased light reflex. We have had the opportunity to study these animals by fluorescence angiography.
There were very extensive lesions of small arterioles involving both leakage of fluorescein and occlusion of the vessels. Some leaking arterioles were patent, the capillary bed beyond appeared normal and there was no cotton-wool spot. Other arterioles were occluded and showed some leakage of fluorescein at the point of obstruction. The capillary bed beyond filled slowly through collaterals and some of these areas were the site of a cotton-wool spot. Other arterioles were obstructed but did not leak. In some the area downstream was the site of a cotton-wool spot and in others it was not.
The Role ofMicrocirculatory Changes ifn the Etiology ofthe Cotton-wool Spot Arteriolar occlusion causes severe ischemia downstream and the formation of a cotton-wool spot. Occlusion may be brought about by emboli as in the glass sphere experiments or by disease of the arteriolar wall as in accelerated hypertension. The damaged wall of the arteriole may leak and in hypertension leakage appeared to precede the formation of a cotton-wool spot. Leakage without obstruction probably cannot cause the formation of a cotton-wool spot. The glass microsphere studies showed that arteriolar obstruction need not be present for more than about 12 hours to cause the formation of a cotton-wool spot. This finding may explain some of the human studies in which there was apparently leakage without obstruction. Accumulation of platelets or fibrin on the damaged section of the arteriolar wall, or swelling of the cellular elements in the wall might cause obstruction of relatively short duration but still sufficient to cause tissue infarction and a cotton-wool spot.
Once the cotton-wool spot has formed it goes through a characteristic cycle of changes and eventually completely disappears. The life cycle of cotton-wool spots was much shorter in the animal with glass microsphere emboli than in humans with treated hypertension. One factor in the disappearance of cotton-wool spots may be the access of macrophages which phagocytose the debris. If this is so the speed of restoration of blood supply by reopening of the arteriole or the formation of collaterals would influence the life history of the lesion. Arteriolar obstruction without cotton-wool spots in some of the monkeys can probably be explained by assuming that the cotton-wool spot has already been phagocytosed and cleared.
Henkind has proposed an explanation for the distribution of cotton-wool spots along the main vessel groups near the posterior pole of the eye. He points out that these lesions correspond in their distribution to the radial peripapillary network of capillaries which supply the nerve fibres. These capillaries are long and straight and run between the nerve fibres with few intercapillary bridges. This situation is less favourable for Section ofOphthalmology with Section ofMedicine 1269 capillary collateral flow following arteriolar obstruction. The greater thickness of the nerve fibre layer at the posterior pole may also play a part (Henkind 1967) .
Thus, impairment of flow in the retinal microcirculation plays a crucial role in the formation of a cotton-wool spot.
Dr Eva M Kohner (Royal Postgraduate Medical School, London)
Cotton-wool Spots in Diabetic Retinopathy
Cotton-wool spots in diabetic retinopathy have been observed for almost a hundred years, but until recently they were thought to be the manifestation of accompanying hypertension or arteriosclerosis rather than of diabetes itself. In 1963, however, Esmann et al. reviewed 719 diabetic patients and found greyish-white areas closely resembling the cotton-wool spot of hypertension in 32 % of the patients with retinopathy. There was no correlation between the level of blood pressure and the presence of these greyish-white areas. Esmann therefore concluded that cotton-wool spots were a feature of diabetic retinopathy.
Three years ago a study was started at the Hammersmith Hospital on the natural history of diabetic retinopathy. Since that time 136 patients with established diabetic retinopathy were followed with serial retinal photographs. Sixty-one of these patients (44 9%) had cottonwool spots. As in Esmann's series, there was no correlation between the level of blood pressure and the presence of cotton-wool spots.
The appearance of cotton-wool spots in diabetes is similar to that found in hypertension. On colour photographs the irregular white area 
